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We consider the structure of the cosmological singularity in Veneziano's infla- 
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CN ■ tionary model. The problem of choosing initial data in the model is shown to be 

unsolved — the spacetime in the asymptotically fiat limit can be filled with an ar- 
bitrary number of gravitational and scalar field quanta. As a result, the universe 
acquires a domain structure near the singularity, with an anisotropie expansion of 
. its own being realized in each domain. 
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^ : I. INTRODUCTION 

<D . 

^ ■ An effective infìationary model is known to be very dimcult to construct in the low-energy 

I L 

approximation of the string theory The effective potentials of the scalar field responsible 
for the infìationary pattern of cosmological dynamics that arise in attempting to solve the 

Cd \ 

problem do not ensure the satisfaction of the slow-roll condition \H\ <C H 2 . Thus, the 
Friedman decelerating expansion is typical of this effective gravitational theory even in the 
presence of a scalar field. Actually, this implies that the problem cannot be solved by a 
brute-force method: new ideas based on the nontrivial low-energy spectrum of the string 
theory or the non-perturbative effeets arising in this theory should be invoked to obtain 
an infìationary scenario in terms of the string theory. One might probably expect the field 
dynamics at the infìationary phase to be also nontrivial. The appearance of Veneziano's 
paper |2| may be considered to be the birth time of one of these nontrivial scenarios. The 
basic idea of this work is as follows. Let us consider the low-energy effective action of an 
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arbitrary theory of closed superstrings with our analysis being restricted to the field 
problem with zero vacuum averages of the fermion fields, the R — R - sector fields and the 
antisymmetric field Bn V - The sector left after this projection has the sanie structure for any 
superstring theory and the corresponding effective action (in dimensionless units) is 

S = - J V=gd d+1 xe^ (R + g^d^d^) (1) 

Here, d is the dimension of space. We will seek a spatially homogeneous classical solution 
to the equations of motion derived by varying this action. To this end, as usuai, we should 

set 

g liV = (l,-a 2 (t)6 ij ), (2) 

<p = m (3) 

Substituting (J2J and Q into (JTJ), we easily find that 

S=-J d^xée-* (0 2 - 2dH<j) + d{d - l)H 2 ) (4) 
As can be easily seen, this action is invariant relative to the field transformations 

a(t) ir) ' (5) 

0-*0-2dln(a), (6) 

t - -t (7) 

Therefore, the equations of motion following from (J1J) have a classical solution that describes 
the accelerating expansion corresponding to inflation at — oo < t < —0 and the Friedman 
decelerating expansion at +0 < t < +oo: 

a+(t) = (t/t o y^ d , = (Vd - l) In (Ì) , t > 0; (8) 
a_ (-t) = (-t/to)- 1 ^, <P = - (Vd + l) In (~ V t < (9) 



v t 0/ 

The physical meaning of this solution is as follows. The universe is initially an asymptotically 
fiat world in the sense that the Riemann tensor components tend to zero as t — > — oo. In 
addition, this world is absolutely cold — it contains no clustered matter. Starting from 
this maximally symmetric state, the universe undergoes superinflation (the prefix "super" 
implies that H > 0) at — oo < t < — and gives way to decelerating Friedman expansion 
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at t > which corresponds to the transition from the superinflationary branch to the 
dual one. Significantly, as t — > —0, the spacetime curvature tends to infinity. Therefore, 
sooner or later, we will go outside the validity range for the low-energy approximation of 
the string theory and action in our solution. The invariance of action (jlj) with respect to 
transformations (|5 | ) - f7 | ) was called SF duality Q|. If it holds not only for the low-energy 
approximation of the string theory but also for the total non-perturbative Green-Schwartz 
sigma model, then a solution of type (JHJ) and (0) actually corresponds to the saddle point 
in the complete field-theoretic problem; i.e., it describes the cosmological dynamics in this 
theory. However, since the SF duality itself is an essentially non-perturbative effect. That is 
why we cannot ascertain whether it exists in the non-perturbative stringtheory restricting 
ourselves by analysis of low-energy dynamics. Gasperini and Veneziano [3j argued that the 
non-perturbative SF duality does takes place. The most interesting and criticai (from the 
viewpoint of the scenario) point on the time axis is t = at which the cosmological singularity 
is reached j^]. Our objective is to ascertain the pattern of field dynamics near the singularity 
and understand whether an accounting for the fìuctuations of the classical trajectory (jBJ), 
(jHJ) leads to a general softening of the singularity in the low-energy approximation. 



II. AN ANISOTROPIC SOLUTION IN VENEZIANO'S MODEL 

The equations of motion that follow from the four-dimensional theory with the action 




(here, we introduced the Constant À s to reduce the action to dimensionless form) are 

- D„D v <f> + l -g^{D<Pf = Rpv - \g»vR, (il) 

D^Dy = (d<P) 2 . (12) 

Analysis of these equations can be greatly simplified if we note that the theory described by 
action (|1U|) is conformally equivalent to the general theory of relativity with the scalar field 

S W = / ^9d A x (R - \{d<t>?) , (13) 

Indeed, if the metric g^ u (E) is the solution of the Einstein equations, then g^cg) = 9fu>(E) e ^ 
is the solution of Eqs. (fTTj) and (fT^j). The reverse is also true (below, we cali g^ u (E) and 
g^fS) the metrics in the Einstein and string frames, respectively). 
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Let us try to go beyond the scope of the homogeneous problem and to construct an exact 
solution that corresponds to a classical strong gravitational wave propagating against a ho- 
mogeneous background and strong inhomogeneous scalar field perturbations in the Einstein 
frame. Since, in general, this solution, clearly, cannot be found, we restrict our analysis to 
the quasi-two- dimensionai problem. Let ali metric components and the scalar field depend 
on the coordinates t and x alone. This problem can be solved completely (see, e.g., [f| , 
and the answer is the axisymmetric Einstein - Rozen metric. 

We seek the corresponding solution in the form 

ds\ E) = e 2A dt 2 - e 2C dx 2 - e 2B (e^dy 2 + e^dz 2 ), (14) 

where A,B,C, 7 and are functions of t and x alone. Since the Einstein equations are 
invariant relative to the gauge transformations t = t(t,x) and x = x(t,x), we may set 
9oo = -9ii, 9oi = 0, Le., A(t, x) = C(t, x). 

The Einstein equations impose the following constraints on the functions A, B,^ and 0: 

A" -À-2B + 2ÀB + 2A'B' - 2(È) 2 ~ = ^(<Pf, (15) 
- 2È + 2A'B + 2B'A - 2B' B - ^ = (16) 

A-A" - 2B" + 2A'B' + 2ÀB - 2{B') 2 - ^ = ^(0') 2 , (17) 

È + 2(Bf = B" + 2(B') 2 (18) 

7 + 2È7 = 7" + 2B'i (19) 
Finally, the equation of motion for the field appears as 

+ 2É0 = 0" + 2B'cj)' (20) 

We can easily find from ()18|) that 

B = hn(m) + f2(v)), (21) 

where £ = t — x, rj = t + x and f\p re arbitrary functions of their argument. Let us now use 
the remaining gauge invariance with respect to the transformations £ = Hi(£),fj = H 2 {ri) 
and set B = lln (—j^j- Equations (fì"9"j) and (J2UJ) can then be easily solved: 

= VM-*Ai) + E( c ifc J o(^) + c 2k N (kt))e ikx + ce. (22) 



7 = PH-t/U) + E(c 3fc Jo(H) + c 4k N (kt))e ikx + ce. (23) 

k 

An expression for A(t,x) can be derived by using the equations 

i=^((0 , ) 2 + (0) 2 + (7') 2 + (7) 2 -^) (24) 

A =*-(<!>' i + (25) 

It is convenient to separate the function A(t,x) into the homogeneous and inhomogeneous 
parts. The former can be easily derived from Eq. 



^ hom = \(^ 2 + P 2 - i)H-t/tù + \ E (c lk 4 k JK-kt)- 

(kt) 2 

■U-kt)J 2 (-kt)) + (c 2fc c+ + Clfc 4 fc )i-J-(2J 1 (-A;*)iV 1 (-A;*)- 
J 2 (-kt)N (-kt) - J {-kt)N 2 {-kt))+ 
C2k4 k ^f{Nl{-kt) - N,{-kt)N 2 {-kt))^ + 

\ £(^4k^( J 2 (-H) + J 2 (-H))+ 

c 2fc c+ ^(J 2 (-H) - J 2 (-H)) + 
(&:t) 2 

(c lfc c+ fe + c 2k cf k )^(2J (-kt)N (-kt) - J^-kQN-ti-kt)- 

J^i-k^mi-kt))) + (1,2) - (3,4) (26) 
The inhomogeneous contribution to the function A(t, x) is easier to determine from Eq. (|25|ì: 

Anh = ^( c it J »(- H ) + c 2fc iV (-H))e ifcx + 

kit 

E t— 7 e <( * +l)i8 (ci fc .7i(-A;t) + c 2k N 1 (-kt))(c ll J (-lt) + c 2i iVo(/t) + 
kit 

E T—j(cikM-kt) + c 2 kN 1 (-kt))(c ll J (-lt) + c 2l N (-lt)) + c.c.+ 

(1,2,-0) -(3, 4, /3) (27) 

Let us first consider the homogeneous limit (c ak = 0, Va, A;). In the string frame, the 
spacetime metric is 

ds 2 = (~\ (dt 2 - dx 2 ) - (~\ dy 2 - 
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(28) 



The scalar curvature corresponding to this metric is 

.1,2 , f N l/2(l-/3 2 -2</>-</, 2 ) 




^2 / t x l/2(2+/3 2 +(V+l) 2 ) 




(29) 



It tends to zero as t — > — oo for any point in parametric space (ip,/3). If (3 = and t/» 2 = 3, 
then the spacetime (the background spacetime in the inhomogeneous problem) is isotropie. 
In this case, metric (fTlj) is identical to Veneziano solution, which is asymptotically equivalent 
to Minkowski fiat universe for t — > — oo. Below, precisely this choice of parameters will be 
of particular interest to us. 

III. THE LIMIT OF ASYMPTOTICALLY FLAT SPACETIME. 

QUANTIZATION 

Below, we will see that the modes in expressions (|22p and (|23p can be interpreted as 
dilatons and gravitons propagating against the background of curved spacetime. The initial 
conditions are chosen in the following way: we specify a sufficiently large time ti (this is 
the time scale which appears in (|22|1 . (|23|ì. and()26jì) and discard ali the modes that do not 
satisfy the condition k\t,j\ ^> 1; i.e., we neglect the modes with a wavelength larger than 
the cosmological horizon in the initial state. However, the existence of these modes is in 
confliet with causality, unless the initial state itself arose from infiation. Below, by the limit 
t — > — oo, we mean ali t such that \t\ ^> In this case, the following asymptotics is 
possible for ali the modes without exception: 




It thus follows that the "correct 




(30) 




—ikx 



and 



1^/4^(1)+ 



(-kt)é 



ikx 
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which correspond to the substitutions 

bik = e OT/4 (c u . - ic 2k ), b 2k = é^ 4 (c+ k - ict k ) (31) 

Let us now turn to quantization. To properly normalize the modes u k = ì^e^^H^^—k^e 1 ^ 
we calculate the commutator [b k ,b k ,]. Assuming that 

[<j>(t, x), <f>(t, x')} = 0, [n(t, x), n(t, x')} = 0, (32) 

[ (j) (t,x),7r(t,x')] = -^5(x-x'), (33) 
where L is the infrared cut-off (linear size of the system under consideration) and 

^x) = 6 -^M^ = 

( J 8<f> A2 v 

we can easily find that 

Kbt,] = ^6 kk , (34) 
and the correctly (half-quantum) normalized modes for t — > — oo are 



To physically interpret these quantum modes, we calculate (T 00 ). In the Einstein equa- 
tions, the (0, 0)-component is 

AÀB -2B- 2B 2 = i((0) 2 + (0') 2 + (7) 2 + {if) = T 00 (35) 

(we carried over 7's to the right and now interpret this part of the metric as the contribution 
of gravitons). If the paired correlators are assumed (in this case, it does not matter whether 
we consider the amplitudes of the modes b ak as classical but randomly distributed Gaussian 
variables or as operators) to be 

(bahbpi) = n a (k)8 a p8 kh (b ak bpi) = (36) 

m(k) = n 2 (k),n 3 (k) = n 4 (k) (37) 
(the physical meaning of this condition is that the flux of rightward-propagating quanta is 



equal to the flux of leftward-propagating quanta), then 

LH 



\ 2 kt- 

(Too) = {H) = ^2 (m(fc) + n s (fc)) (38) 
k 
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Thus, we see that for t — > — oo, the asymptotically fiat world is filled with gravitational and 
scalar field quanta, which are naturally called gravitons and dilatons, respectively. Their 
energy density tends to zero as t — > — oo (which is nothing than usuai redshift) and can not 
be neglected. The cosmological solutions with zero occupation numbers have a zero measure 
in the functional space of the field-theoretic problem and, in this sense, are untypical. Thus, 
there is an infinite arbitrariness in choosine the initial state for Veneziano model, and the 
p r oble m ofinitia, data , to be solved (see in this conte* S). 



IV. SPACETIME STRUCTURE NEAR THE SINGULARITY 

In the limit t — > —0, the spacetime metric in the string frame is asymptotically equivalent 
to the Kasner metric with the indices 

l/2((/3 + /3 1 ) 2 + (^ + ^ 1 ) 2 -l) + ^ + ^ 1 
Pl l/2((/3 + /5 1 )2 + (^ + ^i) 2 + 3)+^ + ^ 1 ' 1 ' 

= l + + + 

P2 l/2((/5 + /5 1 ) 2 + (^ + ^i) 2 + 3)+^ + ^i' 1 } 

= l + ìp + ip 1 -p-p 1 

P3 l/2((/3 + /3 1 ) 2 + (^ + ^i) 2 + 3)+^ + ^i' 1 } 



where 



V>i =£-iV (e'S {b lk é kx + b 2k e- ikx ) + ce.) (42) 



k n 



Pi = Yl ~N (e*? (b 3k e ikx + b ik e- ikx ) + ce.) , (43) 



k n 



and N = \j^fj- is the normalization Constant for the modes calculated in the preceding 
section. The contribution to the action of dilaton from the part of the classical trajectory 
122(1 in the vicinity of the cosmological singularity /S.S s \ ng logarithmically diverges — it is 



proportional to In ( ~J , where A is the beginning of the Kasner epoch, and to ~~ > is some 
small time scale. At the same time, the remaining contribution to the action is finite. This 
can be interpreted as the destruction of quantum coherence |9( between the modes c\ k and 
C2k (c3fc and c^) for which the condition \kt\ 1 is satisfied. Because of this destruction, 
the modes with a wavelength larger than the cosmological horizon freeze — their amplitudes 
may be considered to be classical, randomly distributed variables rather than operators (3] . 
These modes contribute to the Kasner indices. Thus, the spacetime structure becomes 
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stochastic as t — > — 0, and it makes sense to discuss the behavior of the various correlation 
functions of the Kasner indices. Below, we disregard the time-independent contributions 
to the metric, because they bear no relation to the character of the metric singularity for 
* -> -0. 

Technically, it is more convenient not to pass to world time but work with a metric of 
the form ds 2 = t qi (dt 2 — dx 2 ) — t q2 dy 2 — t q3 dz 2 . The quantities q\, q 2 and q 3 are related to 
the Kasner indices by 

2pi 2p 2 2p 3 

Qi = -, , Q2 = ~ , Q3 = -, (44) 

1 - Pi 1 - Pi 1 - Pi 

Since the identity p\ + p\ + p\ = 1 takes place in the string frame, the following relation is 
also valid: 

ql + ?3 = 4(gi + 1) (45) 

he stochastic spacetime structure can be completely determined by calculating the distri- 
bution function F(X,fi) = (5{q 2 - X)5(q 3 - fi)) = J dxdye-^ Xx+ ^ (e< q2X+qs ^) . Since q x 
can be unambiguously determined from the known quantities q 2 and q 3 , this distribution 
function allows expressions for any correlators of the indices to be derived. After simple 
calculations, we obtain 

P M , VT / (l+^~^) 2 (V-^) 2 \ 

F{x ^ ) = 7m exp { — 2^ 2ìv^J (46) 

where N x = E* ^ and N 3 = £ fc ^ 

This function characterizes the spacetime "in the infinitely small" . Since the problem is 
translationally invariant, ali points in space are equal in rights: the locally measured Kasner 
indices are the random variables described by the distribution function (|46|ì. However, the 
probability that the Kasner indices are small at a given point and large at a infinitely dose 
point approaches zero. The nonlocal correlation properties of the Kasner indices are specified 
in part by the two-point correlation functions [2j| 

(q 2 (x)q 2 (x')) = (1 + 4, + P) 2 + E 16iV2(n ^ + n3fc) cos k(x - x>), (47) 

k 71 

(q 3 (x)q 3 (x')) = (1 + ^ - Pf + E 16iV2( ^ + n3fc) cosk (% - *)> (48) 

k 71 

(q 2 (x)q 3 (x')) = (1 + ^) 2 - (3 2 + E 16Ar2(ni r n3fc) cos M* - (49) 
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We can see that the correlation is oscillatory in pattern, which is an artifact of specifying 
the initial conditions for t — > — oo. 

In conclusion, let us consider the transition possibility from the superinflationary expan- 
sion of the universe to its contraction as the cosmological singularity is approached. 

If the spacetime metric is isotropie and uniform, then we say that the universe undergoes 
superinflationary expansion when the condition H = ~ — > 0, is satisfied, where a is 
the scale factor. If the latter changes with time as a = (—t) p , then the inequality is satisfied 
for p < 0. This criterion can be generalized to the anisotropie case in two ways (as we will 
see below, the results depend only slightly on the choice of a criterion): 

(i) by introducing not one but three scale factors and requiring the satisfaction of the 
inequalities pi < 0, p 2 < 0, and p 3 < 0; 

(ii) by requiring the satisfaction of the inequality pi + P2 + P3 < 0, which characterizes 
the behavior of the comoving 4- volume element. 

Since the spacetime acquires a stochastic structure that is locally characterized by distri- 
bution as the singularity is approached, there is a nonzero probability that superinflation 
will stop and will give way to contraction. It is easy to see that, according to criterion (i), 
the inverse (in a sense) quantity — the probability that superinflation continues until the 
fall of the universe to a singularity [24J — is 

1 /-V2 

# ex P ( - (!±*Z££25*>! _ V> -?«**)') m 

3^/4 Y 1 \ 2Nx 2N 3 ) v ' 

In the physically interesting case with Ni, N$ — *■ oo and ip, [3 ~ 1 we have 

< 0) ~ svwm (51) 

The probability that superinflationary expansion will give way to contraction in ali directions 
in the same limit behaves as 

w{ ^ >0) ^l aictan M~^m (52) 

If, however, we proceed from criterion (ii), then the probability of maximum superinflation 
duration is 

n . 1 f** ( (3 + ^-pcos0) 2 

w Ì2^Pi < 0) = - — 7== / pdp / #exp 
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FIG. 1: Behavior of the probability of maximum superinflation duration, w(J2Pi < 0), as a function 
of Ni and ÌV3 for ip = — 1/3, (3 = at relatively low graviton and dilaton densities in the initial 
state. 

Since asymptotics (p)Uj) and (pK?j) are virtually independent of the choice of a superinflation 
duration criterion, we can say that superinflationary expansion necessarily gives way to 
contraction as the cosmologica! singularity is approached. 



V. CONCLUSIONS 



We have considered the structure of the cosmological singularity in Veneziano's model. 
As we showed, the problem of uniqueness in choosing the initial conditions in Veneziano's 
scenario is yet to be solved — the asymptotically fiat world that corresponds to the initial 
state in the scenario can be filled with gravitational and scalar field quanta. In order to 
understand what influence any variations in initial data have on the spacetime structure 
near the singularity, we constructed an exact solution that described the gravitational and 
scalar field quanta propagating against the background of asymptotically fiat spacetime in 
the limit t — > —00. 

The first essentially new effect that we have found is the hard imprint of initial condi- 
tions on the structure of spacetime near the singularity. Primordial quantum fluctuations 
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FIG. 2: Behavior of the transition probability from superinflationary expansion to contraction in 
ali directions, w(\/pi > 0), as a function of Ni and JV 3 for ij) = —y/S, fi = and high energy densities 
of gravitons N\ and dilatons N% in the initial state. 

of gravitational and matter fìelds cause the spacetime to acquire domain structure, this 
probabilistic domain structure being completeiy determined by the correlations of fìelds in 
the initial state for superinflation. Indeed, though we deal with a strong gravitational back- 
ground near the singularity, effects of particle creation are not important for the large-scale 
structure of spacetime at t = 0. Near the singularity the characteristic wavelength of 
created particles A ~ i?~ 1//2 is much less then the typical size of domain 1/k — a Constant 
defined by initial conditions for the scenario. Also, back-reaction of created particles can 
be neglected until we reach the string scale where the low-energy approximation is no 
longer valid. That is why created particles are not important, and large-scale structure of 
spacetime near the singularity is completeiy described by initial conditions, i.e., number of 
particles in the initial state for superinflation. 

Our another goal was to show once again that Kasner-like solution of Einstein equations 
found by Belinskii, Lifshitz and Khalatnikov has the generic character near cosmological 
singularity. It is well known that if the matter sector of underlying theory contains only 
hydrodynamic types of matter, the approach toward singularity acquires chaotic features. 
Generally speaking, the situation is different, if we take into account such relativistic forms 
of matter as scalar field (see — the generic solution of Einstein equations becomes 

to exhibit a non-oscillatory power-law behavior. Nevertheless, it has been shown Q], that 
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BKL chaos near singularity is resuscitateci if the underlving theory of gravity is described 
by bosonic sector of low-energy string effective action. |2j| It should be noted that chaotic 
structure of spacetime found in this note bears no relation to BKL chaos. The large-scale 
domain structure of spacetime near the singularity is completely determined by quantum 
initial conditions for the scenario. In a sense, this chaos is quantum, not classical one. 

The physical reason for this chaotic behavior to appear is that the radius of the cosmo- 
logical horizon R~ l l 2 specifies the causai connectivity scale in the theory; accordingly, the 
quantum quantities can correlate only on scales smaller than R~ l l 2 . Freezing of amplitudes 
of initially quantum modes implies that an observer living at the Kasner epoch will always 
record the same Kasner indices, irrespective of the number of experiments that he or she 
carries out. Nevertheless, before the time for the Kasner asymptotics to become valid, we 
cannot predict with confidence what Kasner indices the observer will record — in this sense, 
the Kasner indices are random variables. 

The second new effect that we have found in this note is the general softening of singularity 
due to the account of quantum initial conditions variety in the sense that at t — » —0 the 
spacetime dynamics tends to transition from superinflationary expansion to contraction. We 
believe that this fact can have a hearing on solving "the graceful exit" problem in Veneziano's 
string cosmology. Nevertheless, the regime in which this contraction is realized turns to be 
rather complicated. 

Fig. shows the behavior of the probability of maximum superinflation duration 
w(J2Pi < 0) as a function of total number of dilatons and gravitons in the initial state 
(Ni and A/3, respectively) for ìp = —a/3, (3 = 0, which corresponds to the absence of a 
seed anisotropy, i.e., Veneziano's universe. Interestingly, at moderately large Ni and N 3 , an 
increase in the graviton energy density with respect to the dilaton energy density generally 
causes this probability to decrease. Nevertheless, at large Ni and A3, the graviton and 
dilaton energy densities have the same weight from the viewpoint of their influence on the 
probability of maximum superinflation duration — an increase in the number of gravitons 
and dilatons in the initial state always causes this probability to decrease. 

When considering the asymptotics of the transition probability from superinflation to 
contraction in ali directions, w(Vpi > 0) at large Ni and N 2 , we arrive at a similar picture 
(see Fig. |2J): an increase in the number of gravitons in the initial state generally causes this 
probability to decrease, while an increase in the number of dilatons causes it to increase. This 
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implies that the statistical weight of the states describing anisotropie expansion (when there 
is expansion in two of the three directions in space and contraction in the third direction, 
etc.) becomes large; the higher the graviton energy density in the initial state, the larger 
this weight. 

Finally, let us discuss the degree of generality of our results. To determine the structure 
of spacetime near the singularity, we actually used the simplified model describing quasi- 
two- dimensionai dynamics of the f our- dimensionai theory. From the physical point of view 
this simplification means that initial conditions at asymptotically fiat infmity t — > — oo 



present two colliding piane waves propagating along t — x and t + x axis (see lo], where 



the dependence between initial conditions for Veneziano's scenario and spacetime structure 
near the singularity has been determined from the classical point of view). 

Let us complicate the problem a bit: imagine that initial conditions are described by a 
bath of plain waves propagating along a fixed surface. It turns out that this quasi-three- 
dimensional problem also can be solved exactly by means of inverse scattering method Q] • 
The corresponding quantum problem hardly can be solved, too, as well as the full four- 
dimensional problem, both classical and quantum one. 

Nevertheless, since the classical and quantum dynamics of generic perturbations for 
Veneziano's scenario can be described in terms of colliding plain waves, one should think 
that in the case of general initial conditions the universe acquires a stochastic domain struc- 
ture near the singularity, with proper anisotropie regime of expansion being realized in each 
domain. 
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